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(54) Actuator unit for an ink Jet recording head and method of fabricating same 



(57) Described is an actuator unit (10) for a lami- 
nated ink jet recording head including a first cover mem- 
ber (1) for forming a . vibrating member having 
piezoelectric vibrators (4.4*) on a surface thereof; a 
spacer (5) for forming pressure generating chambers 
(2.2*) with a surface thereof sealed by the first cover 
member (1); a second cover member (6) having ink jet- 
ting outlets (7,7*) and ink flowing inlets (8.8*). each ink 
jetting outlet (7.7*) causing the corresponding pressure 
generating chamber (2,2') to comrhunicate with a conre- 
sponding nozzle opening (30,30*) of a flow path unit (20) 
at one end of the pressure generating chamber (2.2*). 
each Ink flowing inlet (8,8*) causing the corresponding 
pressure generating chamber (2,2*) to communicate 
with a common ink chamber (26.26*) of the flow path 
unit (20) at the other end of the pressure generating 
chamber (2.2'). The actuator unit is prepared by lami- 



nating and fixing the first cover member (1), the spacer 
(5) and the second cover member (6). A pitch at which 
the pressure generating chambers (2.2*) are arranged is 
set to a value equal to or smaller than a pitch at which 
the nozzle openings (30.30*) are arranged; wktths of 
partition walls (5a,5b) on outermost ends of pressure 
generating chambers (2.2*) located on the outermost 
ends are set to a value equal to or greater than a width 
of a partition wall (5c) defining adjacent pressure gener- 
ating chambers (2.2*) and equal to or smaller than 1/2 of 
the nozzle opening an-angement pitch. An increase in 
the distance between the adjacent pressure generating 
chambers (2.2*) at the contact line between two actuator 
units is set to within a range of values substantially 
equal to the width of the partition wall. 
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Deiscription . 

The invention relates to an actuator unit for an ink^ 
jet recording head .and. a nr^ethod. of fabricating such an 
actuator unit. . . . . ;? . . . v . . : . : • - 

For 6xaniple,:.as disclosed . in Unexaniined Japa- 
nese Patent Publication: No. Hei. 6-40035, an ink jet 
recording head, in which piezoelectric vibration ere- 
ments are stuck to one region of a resilient plate that 
constitute pressure generating chambers and in which . 
Ink droplets are produced by changing the .vokime of 
each pressure generating chamber while causing the 
con^esponding piezoelectric vibration element to be f lex- , 
Ibly displaced, Is designed to displace a wide area of the 
pressure generating chamber. Therefore, the ink drop- 
lets can beproduced stably. , r - v. 

In order to inprove the printing speed of such, a 
r cording head, attempts have been made to arrange a 
great number of nozzle openings per recorcfing head. 
Sine a head having a great number of nozzle^openings, : 
has an extremely low yiedd, it is also designed .to use a - 
plurality of actuator units A. :B,,C and fix such actuator 
units in zigzag to a flow path unit D having nozzle open- . 
ings and common ink .chambers . formed; therein, as; ^ 
shown in Fig. -1.1. ■>.■■ -^^'rU^' -o 

However, for a color printmg recording head that v 
requires, at least three rows of nozzle openings, not only 
the width of the recording head is increasedrbut also ink, 
jetting timing control becomes complicated sirice the;., 
positions of the nozzle openings that are driven to prjrTt 
an icientical.row of data are shifted in a carriage moving 
direction mutually. . . : ^ . ^. > / , 

The present invention .intends to pyiercome .*the 
aforernentioned problems. ,The; object is, solved by the; > 
actuator unjt for an ink jet recording head according to 
independent claim 1 , the ink jet recording head accord- : 
ing to independent claim 8 and the method for fabricat- 
ing an actuator unit according to independent claim 13: i 
Further advantages, features, aspects and details of the ^ 
Invention are evident from the dependent claims, the 
description and the accompanying .drawings.- The 
claims are intended to be understood as a first non-lim- 
iting approach of defining the invention in general terms.. 

The invention generally relates to an actuator unit 
for a laminated ink jet recording head and a method of 
fabricating such an actuator unit; The actuator unit has 
pi zoelectric. vibration elements, expandable and :con- 
tractible pressure generating chambers, ink flowing 
inlets, and ink jetting outlets, and is adapted to construct 
a recording head while being laminated on a flow path 
unit ha\^ng.common ink chambers and nozzle openings 
formed therein. - 

It is an aspect of the invention to provide an actua- 
tor unit for a laminated ink jet recording head that can be 
arranged straight in paper feeding direction in plurali- 
ties. ■ 

A second aspect of the invention is to provide a 
laminated ink jet recording head using the aforemen- 
tioned actuator unit 



t A tbirc; aspect of the invention is to provkJe a met- 
hood of fsrbricating the actuator unit 

According to the present invention; there is pro- 
vided an actuator unit for a laminated ink jet recording 
5 head, a plurality of actuator units being brought into 
contact with each other at ends thereof and laminated 
on a flow path unit including nozzle openings.: compris- 
ing: a first cover, member having piezoelectric vibrators 
on the surface thereof; a spacer for forming pressure 
10' generating chambers, one surface thereof being sealed 
by the first cover member; and a second cover member 
laminated on the spacer and having ink jetting outlets 
communicating with one.end of the pressure generating 
chambers arxl ink flowing inlets communicating with the 
75 .other end of the. pressure regenerating- chambers: 
wherein a pitch at which the pressure generating cham- 
bers are an^anged is set equalito or less than a pitch at 
which the nozzle openings are arranged and the width 
of partition walls on an outermost ends of the pressure 
20 generating chambers located at.the buternriost ends of 
the actuator is set equal to or mol^e than a width of a par- ^ 
tition wall defining adjacent pressure generating cham- 
bers. and equal to or less than 1/2vthe nozzle opening' 
arrangement pitch; ' . /.t ?.j-n ... . 
25 -t o The ^.distance between • two pressure generating ^ 
chambers that interpose the contact line of the two actu- 
ator units merely increases by a value substantially ; • 
equal to^the width of the, partition wall that defines the 
pressure generating chambers^Therefore^. the nozzle 
30 openings that are to communicate with these pressure : 
generating chambers come .to be arranged: at least at 
positions corresponding to ; the pressure generating 
chambers^: Hence, by slightly staggisring the nozzle 
communication holes of the flow patii unit th^t connect 
35 itiie pressure generating chambers to the corresponding 
nozzle openings, the/two acSuator units can be con- : - 
nected under such flow path conditions as to allow ink • 
droplets to.be jetted. The invention will be better under- 
stood by reference • to * the following' descriptibnsof ' " 
y;40 ^ embodiments of theinvention taken in conjunction with 
the accompanying drawings, wherein: ' 

. Rg. Us a top view showing an 'embodiment of the 
'invention;* - - . , - . ' 

45 /• Figs. 2(a) and 2(b) are sectional views showing the 
? embodiment of the invention in the form of a struc- 

ture in the vicinity of presdure generating chambers 
of a single actuator unit; • . • * * • j : 

Rg. 3- ii5 a diagram showing an exemplary method 
50 : of fabricating a spacer constituting tiie actuator unit; 

Rg: 4 is a diagram showing another exemplary ( 
method of fabricating a spacer constituting the 
actuator unit; " 
Rg. 5 is a top view showing ah exemplary actuator ^ ■ 
55 * ' unit fabricated by the aforementioned method; 

Fig. 6 is a top view showing an embodiment of tiie 
invention when a recording head is formed using 
two actuator units; 
w Figs. 7(a) and 7(b) are sectional views showing how 
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-nozzle openings and pressure generating Cham- which the pressure generating chambers "2 are 

bers are connected around where the actiiator-units < arranged. Hereupon, the width W1 may be equal to the 

- -are connected to each other; . ^ width W2 or Wl is less or more than the V\^. 

! Fig. • 8 is a sectional view showing a laminated ink These members 1,5.6 are assembled to ah' actua* 

i jet recording head, which is an emt}odiment of the 5 tor unit 10 by molding a clay-like ceramic material into 

invention, the recording head being formed using ^ predetermined shapes dnd laminating^and sintering' the 

three actuator units of the invention: ' * rnolded shapes without using an adhesive: ' 

I Fig. 9 is a sectional view showing pressure general- The ' actamor ^ unit 10 has a 'positioriing thrc|ugh 

* \Aq chambers and related portions thereof in one holes 11 and a pbsttioning through recess in the middle 

. actuator unit in another embodirnent of the ink jet io \n order to facilitate the assembling operation. - " 

.plaint head of the invention; ■ ^.c 'When the spacer 5 that needs such thin partition 

F^g. 1 0 Is a sectional view shewing pressure gener- walls 5a. 5b. 5c is to be formed of a green sheet 1 2 

: ating chambers and related portions thereof in one • made of ceramic material; a groove 13 that extends.as 

.. actuator unit in still anotfier embodiment of the Ink : far as cutting lines C, C is formed along a boundary 
. jjet print head of the invention; and • - • -is - region so as tomatch the forming of the through holes 

Fig. 11 is a diagram showing an example of a lami- " ' serving as the pressure generating- chambers 2 as 

; nated ink jet recording head. v >.. ^ j « • ' - v ■ shown In Fig. 3: ^ * > • i^ -' ' * ■ - 

M.: •.\ . • \. Upon completion of sintering after dryirig the green 

• Figs. 1 and 2 show an embodiment of the invention. ^ ' sheet 12.ithe'both end portions of the sintered sheet 12 
In Figs.:1 and 2, reference numeral t denotes a first ^^-^ - are-cut away- along the cutting' lines C which traverse 

cover plate, which comprises a thin zirconia plate hav- ^ v both ends of tiie igroove 13; so that the widths Wl . W2 

ing athicknessof about9 nm and has drive electrodes n'^ of the partition walls Sa, 5b of the pressure genierating 
3. 3* formed on a surface thereof in such a manner that chambers 2r 2' positioned toward both outermost ends 

the drive electrodes 3. 3* confront pressure generating ^.: can be^formed' with' the same accUi-acy as that of thei 
chambers 2..2* that will be described later. Piezoelectric 2S ' width W3 of the partition wall 5c that defines the pres- ' 

vibrators 4, 4Vrnade of. P2rr or tiie like are deposited w sure generating chambers 2. ••""^ • ; • * ' 

the drive.electrodes 3. 3' : • ' - . ^ \ h It^niay be'notiBd that by forming a prbji^^^^ 

Reference numeral 5 denotes a spacer tiiat defines. as to coincide with tile pbsitibning through recess 14 on 

the:pr3ssure generating chamt>ers 2. 2*; The spacer 5 ' ^ the other'end cis shown in' Fig: 4 so that ah actuator unit 

has through holes that will serve as the pressure gener- so having ttie through recess* 14 and the pr6jection'15 can * 

ating chambers 2. 2*' in such. a manner that the through - - be prepared* as showri'ih Fig; -5:' The thus constructed' 

holes- are arranged at.a pitch: equal to or less than a ' actuator unit is advantageous in allowing two actuator 

pitch:P2.f The pitch P2 is.a pitch at which nozzle open-: > ^ units to be positioned relative to each other witii ease 

ings. 30. 30V of . a . flow, path ^unit. 20. : which . wilL be * * when-each actuator unit is to be set -in si flow path unit: • 
desait>ed: later; are arranged. > The i spacer 5^ is also ^ ; = 55 As shown in Figs. 6; •7(a)'and 7(b); the f IbW patii unit 

designed so that a widtii;V\^.of , a partition wall 5c thato. . 20 is f ixed tb tiie tfius constructed two actuiator units 10; 

defines one, pressure generating . chamber < 2 rfrom-cr. 10' by bringing outermost side walls 5b, 5b into contect 

another pressure generating chamber 2'.wili..beconie.<' with, corresponding outermost side walls 5a,' 5a -and 

about.1/3 the width of each ofrthe.pressure generating reinforcing the flow path unit 20 and twb'actuator units • 
chambers 2. 2*. . c : • r.OKf - • . - s.;. •; .>-Y'i:4o -10, 10* with fixing menibers 17, 17- so as to allow ^t^^ 

Reference numeral 6denotes a second cover txxjy.^ t ing members 1 7,17 to mount over a contact line 1 8. As- 

On sides of tiie second cover body 6 toward which the a result, a recording head having the two actuator units 

pressure generating chambers.2j 2Vconfront each otiier 10. ^10* arranged, on a straight line in tandem can be 

are ink jetting outiets 7, T and on the sides ittierebf completed. . ■ : - . . . . . 

opposite to such.sides are ink flowing Inlets. 8. .8*. The 45 . dn this case, as shown in Figs. 7(a) and (b). the par- 

ink jetting outietS: 7. 7* and the ink flowing inlets 8.. S'are tition walls 5b. 5a of the respective actuator units 1 0, 1 0*' 

formed so as to comnnunlcate. with the pressure gener- confront one another at portions where the two adjacent- 

ating chambers 2. 2*. • . . - ; . . pressure generating chambers 2a, 2b tiiat are in contact ' 

By the way. partition walls 5a, 5b pcHsitioned on.txsth with.the contact.line 1 8 are partitioned, the contact line 

outermost ends of the spacer 5 as well as partition walls so 18 being a line with which the.two actuator units 1 0. 1 0*. 

6a. .6b on both outermost endS; of the second cover come into contact. Therefore, the partition walls 5b. 5a 

body 6 are adequately rigid eyen if widths Wl, .W2 are about twice as thick as each partition wall 5c that 

thereof are set to a value substantially equal to the width partitions other pressure generating chambers 2. ' 
W3 of the partition wall 5c of tiie spacer 5 and of a par- . However, by slightly shifting nozzle communication 

tition wall 6c of ttie second cover body 6 tiiat are formed ss , holes 28. 29. of the flow path unit, 20 toward the nozzle . 

inside. Therefore, the widths Wl, W2 are set to values openings 30. tiiese pressure generating chambers 2. 2, 

substantially equal to or more tiian the width W3 of the 2a, 2b can t>e made to communicate with ttie nozzle 

partition wall 5c of ttie pressure generating chamber 2 openings 30, 30* that are arranged at the predetermined 

and substantially equal to or less than 1 /2 a pitch PI at pitch P2. 
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The flow path unit 20 to which these actuator units 
10, 10; are fixed is formed by laminating an ink supply 
inlet forming substrate 21 , a common ink chamber form- 
ing substrate 22. and a nozzle plate 23 with adhesive 
layers 24; 25rsuch as thermally fusible films. 5 

Ink supply inlets 27. 27 that not only connect com- 
mon ink charhbers 26;"26* to tiie pressure generating 
chambers 2. 2* but also serve as cbhstnctiohs that uti- 
lize pressure effectively, are formed in the ink supply 
inlet forming substrate 21. The nozzle communication ro 
holes 28. 28' that introduce ink from the pressure gener- 
ating chanrt)ers. 2, 2' into the nozzle openings. 20; 20' 
are also formed in the ink supply inlet forming substrate 
21. 

Further, the common ink chamber forming sub- is 
strate 22 is prepared by. forming the common ink cham- 
bers 26, 26* and nozzle communication holes 29, 29'. 
The common ink chambers 26, 26' receive the ink from 
a not shown ink tank and distribute the received ink to 
the respective pressure generating chambers 2. 2'. The so 
nozzle communication holes 29, 29' connect the pres- 
sure generating chambers 2, 2' to the nozzle openings 

30, 30. - • . ^, 'V.'r-.r' -c-: ■-. 

The nozzle plate 23 is prepared by forming the noz- 
zle openings 30, -30' so as to be arranged on a single 2S 
lineattiiepredetermined.pitchP2.vi >, . t » 

As described above, the distance between the two 
pressure generating chambers 2a, 2b located at the 
boundary at which the two^ actuator units 10.: 10' are 
connected to each other iis substantially twice the width 30 
of tiiie partition wall 5c tiiat defines the respective pres- 
sure generating chambers 2, 2 since tiie partition wall 
5a abuts on the partition wall 5b. That is. a distance P3 
between tiie pressure generating chambers 2a, 2b is 
larger, than tfie distance PI between other pressure 35 
generating chambers 2, 2: • - v , ; 

However,: by forming the nozzle communication 
holes 28, 28' of the ink supply, inlet forming substrate 21 
and the nozzle communication holes 29, 29' of tiie com- 
mon ink chamber forming substrate 22 so as to shift 
slightly toward ttie contact line 18. tiiese pressure gen- 
erating chambers 2a, 2b cart be connected to each 
other without causing ink droplets to be jetted out Into 
the nozzle openings 30, 30 at all times, i.e. without let- 
ting the ink stagnate in the nozzle openings 30, 30. 

Specifically, if the pressure generating chambers 2, 
2' are arranged at a pitch P1 of about 0:03 cm (about 
4/360 inches), then the width W3 of the partition wall 5c 
defining the pressure generating chambers 2 can be set 
to about 0.007 cm (about 1/360 inches) and this allows 
the distiance P3 between the two pressure generating 
chambers 2a, 2b interposing the contact line 18 there- 
^ between to be set to about 0.04 cm (about 6/360 
inches). That is. the distance P3 becomes wider merely 
by about 0.014 cm (about 2/360 inches) than the pitch 
PI of the pressure generating chambers 2, 2' otiier than 
the outermost pressure generating chambers. 

If tiie nozzle communication holes 28, 28' of the ink 
supply inlet forming substrate 21 and tiie nozzle oom- 



municatioh holes 29, 29' of the comrnbn ink chamber 
formihgf' substrate 22 of the flow path unit 20 are 
arranged so as to position toward the contact line 18, 
the ink. can be driven out of the nozzle :openings 30 
smoothly without stagnation in the pressure generating 
chambers 2, 2\ since steps -between tiie upper and 
lower communication holes 28, 29, 28'. 29' are reduced. 

As a result, a plurality of actuatoir units 10 can be 
arranged in tandem on a straight line witii respect to the 
nozzle openings 30; 30 pitched at a 'predetermined - 
interval so as to communicate with the nozzle openings 
30,'30.t ■■ . '■ ■ 

While the case where the recording head is cbn-^ 
structed by cortnectihg two actuator units in tandem haiis 
been desalbed in the aforementioned embodiment, a 
recording head may be consti-ucted by connecting thVee 
or more actuator units Id; 10V 10 ' to tine fidw path unit 
20 having nozzle openings iat the predetermined pitch 
P2 by maWng tiie'pitciH Pr ait which tiie pressure gener- 
ating chambers are arranged slightiy smaller tiiah tiie 
pitch'P2 at which the nozzle openings 30 formed in the 
flow patfi unit 20 are ari-anged as shown in Rg; 8. ' 

^That is, Assuming that tiie nozzle arrangement 
pitch is P2; that the distaniore between the ends of tiie 
i adjacent actuator units is P3,' and that the number of ' 
pressure generating chambers in a single row of a sin^ 
gle actuator unit is N.* theh tiie pressure generating 
chamber airangemeht pitch Pi rray be set as follows^ " 

.V • , f t'"-. ^ V ..'r. ^.,- 

:^ - pr*P2-:(P3-^^^^ 

The pressure generatirtg charhbers in the middle of 
tiie actuator units 1 0, 10-. 10". e.g:. pressure generating 
chambers 41. 42 of the actuator iirtit 10* in tiie middfe 
' are posltibned on vertical lines of nozzle openings 51 . 
52 to which such presisurie generating chambers 41 , 42 
are to be connected, whereas tiie pressure genetrating 
chambers 44, 45. 46 piositiorted on a right side of tiie 
pressure generating chambers' 42 in Fig. 8 are gradually - 
40 deviated from tiie centerlines of nozzle openings 54^ 55, 
56 to which the pressure generiatirig chambers 44, 45. 
46 are to be Connected. / : 1 

However, if tiie riozzle opening -arriangernent pitch 
P2 'is set' to 0:03 cm (4/360 inch) as described above 
45 -and tiie nurrtae'r of nozzle operiirigs in a row to which the 
actuator units 1 0, ' 1 0', 1 0" are corihected is set to 32. 
tiien' a displacement betiwe^h ttiie nozzle openiwg^ 
arrangement pitch P2 arW the -p^ PI at which tije 
presaire igienerating^ chamber 2. 2' are an-anged is 
so about 4.6 fim. Therefore, if tiie pitch P4 at which tiie 
nozzle communication holes 28, 28, 28 • • • • of ti^e t 
ink supply inlet fornhirig Estate 21 and a pitch P5 at 
which the nozzle communication holes 29. 29. 29 • • 
• • of the cornrrion ink chamber forming substi-ate 22 t - 
ss are given as r 
V ' " ^ • -. • 

P4 o P2 • 2 (P3 - P2) /3 (N - 1) 

. P5aP2.(P3-P2)/3(N-1), 
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then, ink is allowed to flow smoothly from the ptessure 
generating chambers, 2^to the corresponding^ npzzle 
openings 30. , . . j 
' By making the. pressure generating chancer 
ar|angement pitch P1 slightly: smaller than the nozzle 
opening arrangement pitch P2. the pressure generating 
chambers located in the middles of the actuator, units 
1^. 10*, 10" are caused to communicate with the nozzle 
openings substantially straight. Further, if ^the communi- 
cation holes of the f lovy path unit 20 ai^ gradually shifted 
slightfy toward a side end. an ino-ease. In the, thickness 
due^ the two partition walls Sa'. 5b" of the two pres- 
surergenerating chamtDers 46.. 47 and due ,to the two 
partition walls 5a and ,5b' of: the pressure generating 
charnbers.SO. 57 can.b.e:absort)ed merely by shifting the 
positions, of . the communicat!onrholes of the flow path 
units.confrpnting the actuator units within the rangesof 
the jegions.in which the respective. actuator.units. con- 
front. :Therefore,. four or mpi:e actuator units can be con- 
nected iritandem. .. .... >^:; ^- . . . . !. .r- . 

While ^the case where, a plurality ,pf actuator units 
are connected in a row has been descrbed in the afore- 
mentioned erTibodimerit, . rtjs , apparent, that an inki jet 
recottling head for a multi-npzzle.:COlori printer can be, 
constructed simply by arrariging; a: number of. actuator 
units in tandem in a carriage.moving direction. , } . vi • . ^ 

In the aforementioned ^ actuator unit, the pressure 
generating portion comprises. the, first coyer plate .1 ..the. 
piezoelectric vibrators 4 and the drive electrodes 3 as 
shown in Figs. 1 and 2.^ Alternatively, the pressure gen- 
erating portion which comjbrises piezoelectric vibrating 
plates IjOp. lower electrodes, J0 1. and upper electrodes 
1 02 so as to seai a surface of %e space, may Lbe applied, 
as shown in Fig: 9; FurthernfK>re.,the.pressure:ge^ 
ing portion comprising ^cpyerj ^plates 106, ^electricaljy. 
conductive layer 1 03, heating elemeijts 1 04 jand prptecr 
five layer 105 may bemused as shown; in Fig, tQ.iQth^r: 
constitutions which make the. pressure in .the pr.essure 
generating chjarrper:> change -jm^ for, the 

present inventipn.^^ . . n ^ ^ :.. . 

As described in thefpregQing, the invention is char- 
acterized in that an actuator unit for . a laminated ink jet 
recording . head.- a. ptursdity.^of, actuator .units, being 
brought into contact , with each piher at endS; thereof and 
laminated on a ftow path unit including nozzle openirigs. 
comprising; a first cover member having piezoelectric 
vibrators, on the. surface thereof; a spacer for .forming 
pressure . generating charnbers. . one sur^ce thereof, 
being sealed by the finst cover member: and a- second 
cover .member laminated on the spacer and having ink 
jetting outlets communicating with one end of the pres- 
sure generating chambers and ink flowing inlets .com- 
muriicating with the other end of the pressure 
generating chambers; wherein a pitch at which the pres- 
sure generating chambers are arranged is set equal to 
or less than a pitch at which the nozzle openings are 
arranged and the width of partition walls on an outer- 
most ends of the pressure generating chambers located 
at the outermost ends, of the actuator is set equal to or 
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more than a widtii of: a partition wall defining adjacent 
pressure generating chancers and equal to or less than 
1/2 the nozzle opening anangement pitch. That is, the 
recording head provided with the actuator unit. has a* 
5 great number of . nozzle openings . on a « single ' straight 
line and . such recording head pan.be . floated with, a 
high yiejd.. In , addition. ,the . width ;of a. color rprinting.. 
recording.head.c^n bejed^ . j 

• 10 Claims . • 

1 . An. actuator, unit (1 0) for an ink jet recording head 
. comprising:. , • . ; 

75 a plurality of pressure generating chambers 

; . , (2;2') communicating respectively with- nozzle 
: ropenings (30,30'); and v . . '. . i 

: . w pressure generating • means ' for : pressurizing 
} 20 c' . .respectively said plurality of -pressure generat- 
ing chambers (2,2'): - * • : - - 

wherein a pitch at which said pressure generating / 
:chambers:(2,2')<are arranged is set equal to or less 
;., 25 : . ...than a pitch*at'Which said nozzle openings (30,30') ' 
are arranged, and the: width r of partition walls - 
(5a,5b) on the outemiost ends of said pressure 
. ..generating chambers .(2.2*) located at tiie oute'r- 
. most ends'of-sakJ actuator'(IO) is set equal to or 
30 . * more itiian a widtii of^ a^ partition . wall (5c) defining 
adjacent pressure generating chambers^ (2.2*) and 
equah.to or. Jess than 1/2 the nozzle opening 
. arrangement pitch: - ? : . : • • 

.,35 -a2. yThe: actuator unit .for . an ink. jet recording 'head.; 

according to claim 1 , whereirl.a plurality of actuator 
' V . units (1 0; 1 0M 0") are. brought into contact with each 

; K other at ends :thereof and laminated on a flow path 

iunit (20) Including nozzle: openings (30.30*): ' 



,,40 



45 



; 50 



.55 



3. .The^ actuator : unit for an liink jet> recording ^ head 
.according. to claim l or 2, further comprising: 

. .a. first cover. memk^er (1) having piezoelectric 
yibratQrS:(4,4*).on.the surface thereof: ) . 

r.-'va spacer:(5) for forming sakj pressure generate 
" ^ Jng. charnbers. (2,2'),. one surface thereof being* 
; • :8ealed by said first coyer ^member (1); and : 

;. a second cover member. (6) laminated on said 
spacer (5) and having ink jetting outiets (7,70 

* • communicating Mnth one end of sajd: pressure 
generating charribers :(2*2') ^and ink flowing 
inlets (8,8') communicating with the other, end . 

, , of said pressure generating chamtjers (2.2*)., 

4. The actuator unit according to one of the preceding 
daims. wherein the pressure generating chanriber.; 
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arrangement pitch PI is given as follows: 
PI «P2-(P3-P2)/(N-1); 

wherein P2 Is the nozzle opening arrangement 
pitch. P3 is a pressure generating chamber 
an-angement pitch of adjacent outermost pressure 
generating chambers of one and another adjacent 
actuator unit brought into contact with each other, 
and N is a number of pressure generating cham- 
bers in an arrangement row of pressure generating 
chambers in one actuator unit. 

The actuator unit according to one of the preceding 
claims, wherein the pressure generating chamber 
arrangement pitch is set substantially equal to 0.03 
cm (4/360 inches) and the wkfth of the partition 
defining the pressure generating chambers is set 
substantially equal to about 0.007 cm (about 1/360 
inches). 



An ink jet recording head using an actuator unit 
especially according to one of the preceding claims 
comprising: 

a plurality of actuator units (10.10MO") includ- 
ing a plurality of pressure generating chambers 
(2,2') communicating respectively with nozzle 
openings (SO.SO*) and pressure generating 
means for pressurizing respectively said plural- 
ity of pressure generating chambers; and 

a flow path unit (20) including nozzle openings 
(30,30*) communicating with said pressure 
generating chambers (2.2*); 

wherein a plurality of said actuator units are brought 
into contact with each other at ends thereof so that 
said actuator units (10. 10*. 10*0 are arranged 
straight in an arrangement direction of said pres- 
sure generating chamber on said flow path unit, 
and a pitch at which said pressure generating 
chambers (2.2*) are arranged is set equal to or less 
than a pitch at which nozzle openings (30.30*) are 
arranged, and the width of partition walls (5a,5b) on 
the outermost ends of said pressure generating 
chambers located at the outernmt ends of said 



IS 



20 



The actuator unit according to one of the preceding 
claims, wherein a positioning through recess (14) is 
formed on one end in a pressure generating cham- 
ber arrangement direction. 25 



The actuator unit according to one of claims 1 to 5, 
wherein a positioning through recess (14) is 
arranged on one end in a pressure generating 
chamber an-angement direction and a projection 
(15) engageable with said through recess (14) is 
formed on the other end. 



30 



35 



40 



45 
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55 



. actij^tpr is set equal to or nriore than^a width of a 
partitiion wall (5c) defining adjacent pressure gener- 
. ating chambers (2,2*) and equal to or less than 1/2 
the nozzle opening arrangenient pitch, c ; i - 

9. Tlie ink jet recpiding head according to claim 8, fur^ 
ther comprising: s-, : v • 

a first cover member (1) having piezoelectrk; 
vibrators (4) on the surface thereof; 

a spacer (5) for forming said pressure generat- 
^ ing chambers (2,2*). one surtace thereof being 
sealed by sajd first cover member (1); arid 

y a.second cover rnember (6)Maminated on said 
spacer (5) and haying: Ink jetting outlets (7,7) 
communicating with one end of said pressure 
. ; generating chambers (2.2*); . and. ink flowing 
. ^ inlet {8.8*) conyriunicating with the other end of 
said pressure generating charnbers (2.2*). 

10. -The. ink jet recording heqd according to claim 8 or 9, 
wherein said flow path^^init, (20) comprises: . 

, an ipk supply inlet .fprming. substrate (21) for 
„ ; . ,,,fornriir)g ink supply inlets^ communlcat- 
... Jng with,said^^ and first 

nozzle communi|cation f^les (28,28*) communi- 
^ ^ , eating with said ink jeil^^ 

a common ink chamber forming substrate (22) 
for forming a, common irik. chamber (26,26*) 
and; second nozzle communication holes 
s * (29,295 communicating . with said first; nozzle 
communication holes (28,28') ;- 

and a nozzle plate (23) for forming said nozzle 
openings (30,30'). 

». 

11- TTie ink jet recording Jiead according to one of 
claims 8 to 10, wherein the pressure generating 
chamber an-angement pitch PI is given as follows: 

P1-P2-(P3-P2)/(N-1): 

and/or a pitch P4 at which said first nozzle commu- 
nication holes (28,28|) are arranged and a pitch pt 
P5 at which said second nozzle communication 
holes (29,29) are arranged, are given as follows: 



P4 = P2 - 2 (P3 - P2) / 3 (N-1), 

P5 = P2-(P3-P2)/3(N-1); 

>^^herein P2 is ttie nozzle opening anangement 
pitch, P3 is a pressure generating chamber 
arrangement pitch of adjacent outermost pressure 
generating chambers of one and anottier adjacent 



» 

I 



BNSOOCID: <EP ^0766791A2.L> 



i 

11 EP0 755'791A2 

t 

actuator unit brought into contact with each other. 

- and N is a number of pressure generating- cham- 
bers in an arrangement row of pressure generating 

> chambers in one actuator unit. 

'i . ^ ■ 

12. The ink jet recording head according to one of 
claims 8 to 11. wherein a fixing member (17) is 

I arranged so as to mount over a contact surface 

• between said actuator units (10.10M0"); *' 

. . : . j . . - J' - 10 ' ' 

13. ^ method of fabricating an actuator unit according 

■ tip one of claims 1 to 7 for an'ink jet recording head 
' according to one of claims 8 to 12 comprising the 

steps-of: • ■ ' ' ' ' ' - 

IS 

■ • ' forming cutting lines' on bfoth e 

' ' ' sheet made of cerarriic; ♦ ^" ; * • ' ' 

• forrhing through holes'serving as pressure 
' 'generating chahibers'of the actuator linit' in the 20 
greensheet; * • ' '- v.-^ «. .. 

forming a groove in 'a boundary region to sefjia- " ' 
rate a plurality of spacers of the actuator unit, ' ' 

wherein the groove extends as far as the cut- 25 
ting lines and vieftically to the ' arrangement 
' ' ^ direction of the'throuSh holes and have a width 
' - - - such that the' width of 'partition walls on outer- 
* * -most ends' of the pressure generating cham- ; ' 

bers located at the outermost ends of the 30 ' 
actuator unit can be set; ' ' 

. sintering the green sheet; and ^ ' 

- . cutting away both' end portions of 'the green 3s 
sheet from the cutting line;*- ' •* - •»-■' ■■ ' 
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(54) Actuator unit for an Ink jet recording head and method of fabricating same 



(57) Desaibed is an actuator unit (10) for a lami- 
nated ink jet recording head including a first cover mem- 
ber (1) for forming a vibrating member having 
piezoelectric vibrators (4.4*) on a surface thereof: a 
spacer (5) for forming pressure generating chambers 
(2,2*) with a surface thereof sealed by the first cover 
member (1); a second cover member (6) having ink jet- 
ting outlets (7.7*) and ink flowing inlets (8.8*). each ink 
jetting outlet (7,7*) causing the corresponding pressure 
generating chamber (2.2*) to communicate with a corre- 
sponding nozzle opening (30.30*) of a f fow path unit (20) 
at one end of the pressure generating chamber (2,2*), 
each ink flowing inlet (S.e*) causing the con-esponding 
pressure generating chamber (2.2*) to communicate 
with a common ink chamber (26,26') of the flow path 
unit (20) at the other end of the pressure generating 
chamber (2.2*). The actuator unit is prepared by lami- 



nating and fixing the first cover member (1), the spacer 
(5) and the second cover member (6). A pitch (PI) at 
which the pressure generating chambers (2.2*) are 
arranged is set to a value equal to or smaller than a 
pitch (P2) at which the nozzle openings (30,30*) are 
an'anged; widths (W1,W2) of partition walls (5a,5b) on 
outermost ends of pressure generating chambers (2,2*) 
located on the outermost ends are set to a value equal 
to or greater than a width (W3) of a partition wall (5c) 
defining adjacent pressure generating chambers (2,2') 
and equal to or smaller than 1/2 of the nozzle opening 
anangement pitch (P2). An increase in the distance 
between the adjacent pressure generating chambers 
(2.2*) at the contact line between two actuator units is 
set to within a range of values sut>starrtially equal to the 
width of the partition wall. 
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